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Epoxy Replicstion for Wolter X-Ray Mioroscope Fabricetion

W. Priedhorsky

Los Alamos Metionsl Laboratory, P.O. Box 1663, M3 210, Los Alamos, W 073285

ABSTRACT

An epory replice of a test plece designed to simulete s Wolter z-roy microscope geometry

showed no loes of x-rasy raflectivity or resolution, compared to the originel.
1.7 half engle,
The replios wia separsted st the 1.5 =draft sngle

vea » dismond=turned . ne with
conventionelly polimhe .
shallow angle Wolter microscope gecmetry.

™e test pilece
Aflet s (] Ut on one side, ther super- end
simuletir g »

A test wvith 8,38 A x rays ot 0.9 grazing sngle
stowed 8 reflectivity of 67§ for the replics flat surfece, end 708 for the originel.
of the reflected bemm was observed with s 20-src pecond wide test bemm,

Mo spresd
Thies Lest verifies the

epoiy replication technique for production ¢f Wolter m=ray microscopes.

INTRODUCTION

Wolter ze-ray microscopes ere often the imsging
disgnostic of choice for lener fusion sppliostions,
They osn provide micron-scele recolution, and
collection solid sngles of order 107} sterredisn.(V-2)
unlike pinhole comerss and Kirkpatrick-Dmex m-ray
microscopes.(3) A true image i3 formed by a Wolter
microscops., This image een bDe time resolved by »
stresh ommera(d)] time resolution 18 mure diffioult
for images that muat be reconstruwted, auch as fram
uniformly redundent arrsys(%) or sone plate sperte
ures(6'. Wolter microscoped have proved diffiocult to
fabricate, with typlasl production costs af >$100, The
near=target enviromment in s Jaser-fusion target
ohanber is not ides] for expensive optics. Target
debris and radiation oon damage the high-quality n-ray
refivctive surfeces. A lerge suventage wuld therefore
scorue from the production of se ersl a~ray optiocal
elements from a single mester,

EXPERTMENT

We report a test of ¢pory replicetion that
danonatrates essentinlly perfect replication in »
grating sagle conicel geometry, This technique may he
aprlied L0 the "mans™ mroduction ef Wolter mioroscopes,

Qur test piece for replication is shown in Fig. !,
The "flat cone® sandrel wes produced by dismond turni -
and conventionsl polishing. It 1p o frustum cof a oone,
¥ s high and 10 m |n digmoter st the nerrow end.

The cone hall engle 19 1.8, A flot seotion ) mm wide
wes fly out porallel to the side of the cone. The subde
strate wad aluninum, plated with electrcless niole! for
dimond turning. The flet was pol w ond auper-
polianed to provide 2 Jow=peotter | sh, The eentre)
haifwidth of the Mt wes specified Mot to 2 5 sre
seconds. This deaign wes shosen to previde o Mo,
surfoee that ocen be e0sily teasted fer seray reflect-
Ivity ond seatter, superpeted on quadti- enl-aymmetri.
geeme.ry. Prod)ems poseeiotyd vith asepereting »
replica st a graning angle should be epparent In the
repiiaa of Lthe MaL seed

A replies of Lhe Voot mandre) vas predmed using »
standard ¢y Leehn, que, by M, Bernhord Beeh of My-
perfine, Ine.(?) The nieke) mendrel was eviperatively
ceoted with appreninately 2000 A - [ niek
sonventiionsll' moehined replina substrate W eodled
with epany, ond nated o the mondrel. The 2peny laver
wed appronimstely 50 vm Ahek, b %, alnee the replice
subetrote had m (0%, e epeuy thicren A ‘2 \ W et
ARe Fla\ see'iion. The epery wep eured ot 80 C. When
the assembly wmo cosled Vo romm Leapersiure, \he
nendrel snd replies were seporoted maehanienlly. W
prodlons were epeountered In seperetion.

The aandrel and replics flote wre Lested with »
eollinated Ton bemm of 0.): A peroys. The Vet o0
porotud Lo ahawn In Mig. 2. Twe sdjustoable slits el
11080 LMo neroy eminsion frem o Herkw=type -roy tube,
T™he olit spouing of '8 uys 15 ehosen o nininime \e
anguloer sproad of \he emyrgent besa| Lhis width is o
esmpronise bolwmen geometric ond diffraetion spresding.

The semple to De tested is mounted or s stege, whioh
oen be rotested, end moved in snd ovt of the temm. The
detector 13 film or e propertionsl ocounter, »snd i
mounted on s YYZ mount to scen the reflected hemm,

PISULTS
The proportionsl counter wes used for » quanti-
tative measurement of s-ray reflectivity. (ounter

soceptence was defined by & 0,31« pinhole, whioh
corresponds to en enguler resolution of 1.8 arc-min,
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Fig. Y, Swetoh of the "fist cone” test nr\drol. ™e
teat surfoee 10 o flat on the side of 1,9 half-sngle
sene.
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Fig. 2. Plon view of the u=roy Lest sasembdly (pot to
smale),



X-ray scattering from {mperfect surfeces typioelly
ecours at sngles of £1-10 arc-min,(8-10) Much of the
sonttered flux will thus fell outsids the scceptance of
the pinhole, 80 thet the existence of wings in e
horitontsl scan ol the reflected image indicates
surfece roughness. Figure 3 shows horitontal scans
a0ross the direct besm, and the reflected beamp from
the flet section on t.ho mandrel and repliocs. The
graging engle was 0.92°. The scens frem the two
reflected besms are very similar. Little energy i»
soattered into the wings by the mendrel, and the
replica reproduces this good performence. The specular
reflectivity was determined from the ratio of the pesk
intensities. Measurements at & series of verticel
positions ware taken to sverage over verticsl vari-
ations in the intenaity of the Henke tube, projected
through the slits. Errors in the peak reflectivities
are determined irom the postter of the rastic of the
direct and reflected beams at the different vertiocsl
positions. The peak reflectivity of the mandrel ot
8.3% A and 0.92° was 0.700 t 0.027 ((u); the reflect-
ivity of the replics vas 0.668 t 0.018, The ealoulated
raflectivity of nickel at the same wavelength and argle

{8 0.7¢, RMoth surfaces ars thus very good, and there
is no significant degradation of the reflectivity of
the replice,

The width of the specular peak in the proportionsl
counter scanpe is determined by the pinhole dismeter,
No widening of this pesk i3 observed, as might be
caused by distortion of the spurfsce figure {n menufsc-
ture or re lioation, To look with grester sensitivity
for suach an effect, high resolution images of the
direct~ and reaplice=-reflected bewm were taken on 2097
film. In this cese, the sngular resolution of the test
wes set by the divergence of the test beam, Fig. &
shows denaity scans of the direct and replics reflected
image. There s no brosdening of the FWHM of the
re/lected besn, which indicetes sro=-second fidelity of
the surface flotness in replicetion,

Measurement of » flet surface replicated in
1.5° graring incidence geometry shows & low-pgaostter,
flat replics su,fece. The epoxy replication techn,que
Lthus ofrers an inexpensive technique of reproducing
Wolter geometry 1-ray microscopes. This result
arrroborates Leats of replicetion, et s much larger
sople, for Molter mariy telescops febricstion.(11)
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Fig. 3. Horizontsl proporticna) counter scans of the

direct and reflected beams. The x-rsy wavelength wss
8.34 A; graving sngle was 0.92°,
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Fig. 1. Densitometer trpce of the direct- ord
replies-refleacted besms,



